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摘要 
杂色鲍（Haliotis diversicolor）是我国南方的养殖鲍种，具有重要的经济价值。
研究与杂色鲍生长相关的基因及其表达规律，并筛查与生长性状相关联的 SNP
位点，对于深入了解生长性状调控的分子机制，培育具有优良性状的新品种具有
重要意义。鲍鱼是植食性软体动物，以海藻为主要的食物和能量来源，而鲍鱼消
化液中比较突出的多糖降解酶是褐藻胶裂解酶、纤维素酶、甘露聚糖酶 β-1,3-葡
聚糖酶和淀粉酶。因此本研究将褐藻胶裂解酶、纤维素酶和淀粉酶的三个基因作
为杂色鲍生长性状相关的候选基因，通过基因克隆、饵料对酶活影响、高通量测
序 SNP 位点检测及与生长性状的关联分析，筛选出与生长性状显著关联的 SNP
位点，以期为选择育种提供重要依据。主要结果如下： 
1、利用 PCR 及末端快速扩增技术（RACE）技术以及基因步移技术（Genome 
Walking）克隆获得三个基因的 cDNA 全长、DNA 全长及上游序列，其中淀粉酶
只获得了部分内含子。褐藻胶裂解酶 cDNA 序列全长 927bp，无内含子，开放阅
读框（ORF）长 720bp，上游序列 5052bp；纤维素酶基因 cDNA 序列全长 1962bp，
开放阅读框长 1782bp， DNA 全长 5649bp，含 9 个外显子和 8 个内含子，上游
序列长度为 719bp；杂色鲍 amylase 的 cDNA 序列全长 2195bp，开放阅读框长
2097bp， DNA 部分全长 4302bp，含 4 个外显子和 3 个内含子，上游序列长度为
2340bp。 
2、通过 qRT-PCR 检测了三个基因在杂色鲍幼体 8 个时期和成体 7 个不同组
织的表达量，发现三个基因表达模式相似，都是在幼体的匍匐前期开始表达，在
成体中具有组织特异性，肝胰腺中表达量较高。 
3、通过饲喂四种不同饵料：紫菜、海带、配合饲料和龙须菜对杂色鲍体内
三种酶活力的比较，发现褐藻胶裂解酶和纤维素酶四种不同饵料之间差异不明显，
组内的雌雄差异大于组间差异。杂色鲍淀粉酶发现存在 α-淀粉酶和 β-淀粉酶，β-
淀粉酶活力高于 α-淀粉酶。总淀粉酶变化和 β-淀粉酶变化趋势相同，在饲喂配
合饲料后活力最高，龙须菜最低，组间差异明显。 
4、通过高通量测序，在褐藻胶裂解酶基因中找到 84 个 SNP 位点，与生长
性状关联之后发现存在两个相关性显著的位点 ALG1016 和 ALG1544，其中，与
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壳长显著相关的是ALG1544（P<0.05）； 与壳宽显著相关的是ALG1016（P<0.05），
极显著相关的是ALG1544（P<0.001）； 与壳高极显著相关的是ALG1016（P<0.01）；
与全重显著相关的有 ALG1016 和 ALG1544（P<0.05）。 
 
关键词：杂色鲍；褐藻胶裂解酶；SNP 
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Abstract 
Haliotis diversicolor is an important abalone species in southern aquaculture of 
China, and has an important economic value.Studying on genes related to growth and 
its expression patterns, screening SNPs associated with growth traits is great significant 
to understand the molecular mechanisms regulated by growth traits and to breed new 
varieties with excellent traits. Abalone are herbivorous mollusks, seaweeds are the main  
source of food and energy, and polysaccharide-degrading enzymes prominent in the 
digestive fluid of abalone are alginate lyase, cellulase, mannanase, β-1,3-glucanase, and 
α-amylase. So this study put these three genes: alginate lyase, cellulase and amylase as 
candidate genes related to growth. Screen SNPs associated with growth traits to Provide 
an important basis for selective breeding, through associating its cloning, the impact of 
enzyme activitis on different diets and High-throughput sequencing for SNPs associated 
with growth traits. The main results are as follows: 
1. The DNA, full-length cDNA and upstream sequences of three genes –alginate 
lyase, cellulase and amylase -were cloned through Polymerase chain reaction, the Rapid 
amplification of cDNA ends method and Genome walking Kit. Yet part of amylase 
introns were cloned, not all. The full-length DNA sequence of alginate lyase is 927 bp 
with no introns, and the predicted open reading frame is 720bp, the upstream sequence 
is 5052bp. The full-length cDNA sequence of cellulase is 1962bp, the predicted open 
reading frame is 1782bp, the whole DNA sequence is 5649bp with 9 extrons and 8 
introns, the upstream sequence is 719bp. The full-length cDNA sequence of amylase is 
2195bp, the predicted open reading frame is 2098bp, the partial DNA sequence is 
4302bp with 4 extrons and 3 introns, the upstream sequence is 2340bp. 
2. We found that the expressions of three genes are similar, they are started 
expression in the early-creep period and they are tissue-specifical in hepatopancreas 
through qRT-PCR.  
3.Through the affect of enzyme activities on four different diets-laver kelp, 
compound feeds and gracilaria –we found that they are no significant differences  
between four diets in alginate lyase and cellulase, and the differences between male and 
female in each diet are more notable. α- amylase and β- amylase are existed in consists 
in Haliotis diversicolor, and the enzyme activity of β- amylase is higher than α- amylase.  
The trend of enzyme activity between total amylase and β- amylase is same, They are 
highest in compound feed and lowest in gracilaria.  
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4.84 SNPs were found in alginate lyase through the High-throughput sequencing, 
and 2 which has significant differences were left after associated with growth Traits, 
they are ALG1016 and ALG1544. Significant correlation with shell lenth is ALG1544 
(P<0.05). Significant correlation with shell width is ALG1016 (P<0.05), and highly 
significant correlation is ALG1544 (P<0.001). highly significant correlation with shell 
height is ALG1016 (P<0.01). Significant correlation with tolal weight are ALG1016 
and ALG1544 (P<0.05).  
Key words: Haliotis diversicolor; Alginate lyase; SNP
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第一章 绪论 
1.1 研究背景 
杂色鲍（Haliotis diversicolor），又称九孔、九孔鲍，隶属于软体动物门
（Mollusca）、腹足纲（Gastropoda）、前鳃亚纲（Prosobranchia）、原始腹足目
（Archaeogastropoda）、鲍科（Haliotidae）、鲍属（Haliotis），主要分布于我国浙
江以南沿岸海域，在日本、越南、印尼、菲律宾和澳大利亚等地也有分布。 
杂色鲍具有生长快、养殖周期短、适合高密度养殖等特点，而且其肉质鲜美， 
具有非常高的营养价值，备受养殖户和大众消费者的喜爱，是我国南方的养殖鲍
种。我国杂色鲍增养殖的研究始于二十世纪七十年代初， 1986 年，由于解决了
产卵孵化、亲鲍促熟、采苗剥离等技术难题，在苗种量产等方面取得重大突破[1]。
杂色鲍的养殖规模逐年扩大，成为我国南方海产品养殖业的重要组成部分[2, 3]。
随着杂色鲍养殖业的迅速发展，养殖单位要求提高鲍的产量及品质以满足市场的
多种需求[4]。但近年来，由于近交繁殖以及环境的恶化造成杂色鲍种质资源的退
化，导致杂色鲍养殖的生长速度减缓，养殖周期变长的问题越来越严重。因此，
研究杂色鲍生长相关基因和分子标记对于杂色鲍新品种的培育以及丰富贝类遗
传育种相关理论都具有重要意义。 
1.2 几种生长相关消化酶基因的研究进展 
鲍鱼是植食性软体动物，以海藻为主要的食物和能量来源，而鲍鱼消化液中
比较突出的多糖降解酶是褐藻胶裂解酶[10] [42]（Shimizu et al., 2003；Suzuki et al., 
2006）、纤维素酶（Suzuki et al., 2003）、甘露聚糖酶（Ootsuka et al., 2006）β-1,3-
葡聚糖酶 (Kumagai and Ojima, 2009)和淀粉酶(Nikapitiya et al., 2009)。因此本研
究将褐藻胶裂解酶、纤维素酶和淀粉酶的三个基因作为杂色鲍生长性状相关的候
选基因。 
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